The TK-selected chromosome-mediate gene transfer lines were analysed using DNA dot blot method, G-11 banding and in situ hybridization. The results showed that CMGT can provide a wide variety of intermediate size of the transgenome from greater than 80,000kb to less than 2,000 kb. Some of transfectants are intergrated into mouse chromosome which can be detected by G-11 banding and in situ hybridization
INTRODUCTION
Chromosome-mediated gene transfer (CMGT) can be used to construct hybrid cells that retain fragments of the selected donor chromosome [1] . Previously, we reported the generation of transfectants for chromosome 17 by CMGT for linking and ordering genes on chromosome 17 over the whole chromosome [2] . This produced the longer distance than the high resolution mapping techniques of DNA-mediated gene transfer or cosmid cloning and at a more sensitive level than can be achieved by somatic cell hybrids or in situ hybridization. This has enabled us to generate a panel of more than 50 transfectants containing different transgenomic fragments of chromosome 17. We have used this panel of transfectants to localise most of the published gene markers and sequences on the chromosome 17. During the course of this study we have obtained some transfectants which contain only the small regions of chromosome 17 and they are particularly relevant to the study of some human genetic disease which are located on chromosome 17. In this paper, we describe some further detailed analysis about transgenome structure and size of these transfectants by using DNA dot blot method, G-11 banding and in situ hybridization. We are able to show that CMGT can provide a wide variety of intermediate size of the transgenome from great than 80,000 kb to loss than 2,000 kb. Some of the transfectants are intergrated into mouse chromosome which cau be detected by G-11 banding and in situ hybridization
MATERIAL AND METHODS

Cell lines and culture conditions
Two human/mouse interspecific somatic cell hybrids were used as chromosome donors. PCTBA 1.8 is a mouse 3T3TK-/human somatic cell hybrid [3] containing only human chromosome 17. All resultant CMGT transfectants derived from PCTBA 1.8 carry the prefix 'PLT'. GPT 17.3.2 K 41 is a mouse teratocarcinoma/ human somatic cell hybrid [4] also containing only human chromosome 17. All resultant CMGT transfectants derived from GPT 17.3.2 K 41 carry the prefix 'KLT'. The mouse cell line LMTK-was used as the thymidine kinase (TK) deficient recipient cell line for all the GMGT experiments. Molt-4 is an Epstein-Barr virus transformed human lymphoblastoid cell line [5] .
The cells were either cultured in RPMI1640 (Molt-4, PCTBAI.8) at 5% CO2 or in Dulbecco's MEM (GPTK41 and LMTK-) at 10% CO2 and supplemented with 10% fetal calf serum. The PCTBA 1.8 hybrid, and all the CMGT transfectants, PLT and KLT were all routinely maintained in HAT medium (100μM hypoxanthine, 10μM methotrexate and 10μM thymidine) which selects for the presence of cytosal TK (TK1). The hybrids GPT17.3.2K41 were routinely maintained in MX medium (25μg/ml mycophenolic acid, 250μg/ml xanthine) as they contain the selectable marker Ecogpt. Back selection of CMGT transfectants with 5-bromo-2-deoxyuridine (BUdr) was performed by the addition of 50μg/ml BUdr to the culture medium which selects for those CMGT transfectants that have lost their TK1 locus. PLT6. B was one of these cell lines analysized in this stndy.
Preparation of DNA
Chromosomes hybrids and CMGT transfectants were all prepared by standard laboratory procedures [6] . Briefly, two confluent T150 flasks were washed twice with saline and then extracted in 10 mM Tris (pH 8.0), 150mM NaCl, and 1mM EDTA with 0.2% SDS and 300g/ml protease K(type XIV, Sigma) for 4-6h at 37℃ with gentle rocking. The DNA was purified by successive organic extractions: twice with buffer-saturated phenol, once with a mixture of buffer-saturated phenol/chloroform/isoamyl alcohol (IAA) at 25:24:1, and lastly with just chloroform/IAA (24; I). Two volumes of cold (-20℃)ethanol were added to the aqueous phase, and the high-molecular-weight nucleic acids were spooled onto a glass pipette. The DNA was dissolved in 10mM Tris (pH8.0) and 1 mM EDTA at a Concentration of approximately 0.5mg/ml.
DNA Dot blot analysis
The Schleicher and Schuell sample filtration unit was used with the protocol recommended by the manufacturer [7] . Purified cellular DNA was diluted in 100mM Tris pH7.4, to a volume of 180μl. Then the solution were added to a Falcon Microtest plate. To denture DNA, 20μl of 3M NaOH and 100μl of 20×SSC was added. The plates were heated to 80℃ for 10 minutes, cooled and then neutralised with 40μl of 2M Tris pH7.4. The DNA was applied to the nitrocellulose filters as recommended by Schleicher and Schuell. The filters were baked for 2 hours at 80℃ and hybridized as described below. HdNTP (in situ hybridization)by the random priming method [8] . Reactions was stopped by adding of TES (TE pH8, 0.1%SDS) to a volume of 150μl. Labelled DNA was then seperated from unincorporated nucleotides by a spin-celumn:a 1 ml plastic syringe was plugged with silicon glass wool and filled with Sephadex G50. The column was equilibrated with TES before application of the labelling reaction. Radiolabelled DNA was collected in an eppendorf tube by centrifugatioa of the column at 1000 rpm for 3 mins. Incorporation was routinely at least 2×10 8 cpm/μg DNA, as measured by scintillation counting. The radioactive probe was boiled for 10 mins followed by rapid cooling on ice before hybridization.
Radioactive labelling of DNA
Filter hybridization
The baked filters were prehybridised in 50% formamide, 5×SSC, 5×Denhardts solution, 0.1% SDS and 100μg/ml of sonicated salmon sperm DNA for 2 hours at 42℃. Hybridization was carried out in fresh buffer with the addition of 0.25-1.00×10
6 cpm/ml [ 32 P]dCTP labelled probe for 16 hours at 42℃. The filters were washed to a stringency of 0.1 × SSC; 0.1% SDS at 65℃. She filters were then exposed to Kodak XAR-5 film at -70℃ with intensifying screen for 1-5 days.
The G-11 differential staining
The G-11 differential staining technique was used to distinguish human chromosome and mouse chromosomes [9] . Firstly, treated the slides aged chromosomes 7 days in 2×SSC for 5 min at 56℃. Then, a stock solution of 0.7M NaOH was prepared. After diluting the NaOH stock 1:50 in the distilled water, make up Giemsa solution using 1:20 dilution. Stained the slides for 20 min in the diluted Giemsa and then rinse briefly in PBSA (pH6.8) and dry.
In situ hybridization
Cell lines are used to grow until a healthy dividing population is obtained, with around 5×10 5 cells per 10ml of culture medium. After carried out chromosome isolation according to the routine procedure, in situ hybridizations were performed essentially as described by Harper and Saunders [10] .
RESULTS
A series of 9 transfectants generated by chromosome-mediated gene transfer [2] were surveyed. The more detailed analysis of these transfectants and other transfectants can be found in reference 2. Table 1 has shown the co-transfer of syntenic gene markers in TK-1 selected CMGT.
Quantitative studies were designed to determine the amount of human genomic material contained in these CMGT lines. Kafatos demonstrated that spoting of known quantities of DNA onto nitrocellulose and probing for specific sequences could be used to quantitate the latter [11] . Duplicated "dot" blots of serially diluted(1:10) DNA samples (10μg to 10 -6 μg) from each CMGT lines were prepared using a Schleicher and Schuell filtration unit. These were probed with 32 P-labled + represents positive, -represents negative, *represents not tested. All the gene symbols are according to the nomenclature of HGM9 [11] .
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human Molt-4 cell line DNA in order to detect the human repetitive component in the mouse LMtk background. We used the condition that minimize hybridization to mismatching repetitive elements: (1) stringent hybridization: 50% formamide at 42℃; (2) stringent washing: low salt (0.1 × SSC) and high temperatures (65℃). (3) short hybridization time: 16 hours. (4) highly radioactive probe: >6×l0 8 cpm/ μ g. These conditions have been estimated to permit less than a 10% mismatch [12] . We have used dot blot analysis to determine the relative amount of human DNA in each of the transfectants. The co-transfer of markers known to be syntenic with thymidine kinase on chromosome 17 in these transfectants listed in Table 1 .
Controls for these experiments were the human/mouse parent cell line, PCTBA 1.8, which only has one human chromsome 17 in the mouse background. Mouse cell line 1R was used as negative control.
The resulting autoradiographs from these experiments are presented in fig. 1 . Dilution blots of the appropriate control (Molt-4, 1R [14] , and PCTBA 1.8) were hybridized in the same solution. Quantitation of the result was done by densitometric scans of 1-day autoradiographs.
Using the hybridization signal obtained from 1μg of DNA from PCTBA 1.8 as an R=1.00, the CMGT lines can be ranked according to their average R value. From these results, one can seen that there are no disconcordancies with the DNA markers and isozyme data (Figure 1 ). The two cell lines, PLT-13 and KLT-6, were known to contain large human fragments as they contained all of the markers so far detected on chromosome 17. In addition, KLT-6 showed excessive DNA content even higher than single human chromsome 17; later we are able to show by in situ hybridization that it has two copies of human chromosome fragments attached to the mouse chromosome. Using the donor chromosome 17 only hybrid PCTBA1.8 as a standard, the amount of chromosome 17 in each transfectant has been calculated as a proportion of the whole chromosome. The results shown in Table 2 indicate a good correlation of the intensity of the signal obtained in the dot blot with the number of chromosome 17 markers present (as shown in Table l ). The KLT6 transfectant probably contains more than one copy of chromosome 17 in some cells as it has a greater human DNA content than the PCTBA1.8 hybrid which has been shown to only have one chromosome 17 per cell. * Since the DNA contents of Molt-4 is too high compared with those of the hybrids and transfectants, its DNA contents can not be determined exactly in this study. However, the DNA content of chromosome 17 was estimated about 2.3% of total human autosomal DNA [15] , or 8×10 7 base pairs by other method.
G-11 differential staining
G-11 differential staining was used to detect the human fragment attached to a meuse chromosome in two of the very large transfectants containing all of the genes analysed (PLTI3 and KLT6). We also detected a human fragment using G11 staining with KLTI2. From this transfectant, one can clearly see that the human fragment is attached in a mouse chromosome (Fig. 2) . However most of our transfectants do not show any cytologically deteebable human material using G11.
In situ hybridisation
Human fragments can easily be detected, using total human genomic DNA ss a probe for in situ hybridisation, in the relatively large transfectants such as PLT6 and PLT6.B. Figure 3 shows PLT6.B where the human fragment was >30.0* 3000,000 1R(mouse) 0.00 -integrated into one of the mouse chromosomes. Such a fragment can be seen in most of the nuclei of this transfectant. Interestingly, the human centromeric probe for the D17Z1 locus hybridises to the same region as the total human DNA. A similar phenomenon also appears to have occurred in KLT6 and KLT12. But in the former transfectants in which have shown to have whole human chromsome 17 markers, there are two duplicated human chromosomes which are attached to mouse's chromsomes (Figure 4) . No obvious human fragment can be seen in tranfectants such as PLT8, which only contain GAA, UMPH, GHC, TK1 and GALK using in situ hybridisations with total human genomic DNA as a probe. This is probably due to insufficient human repeat sequences in what may be quite a small region of the chromsome.
DISCUSSION
Technically, chromosome mediated gene transfer (CMGT) is quite similiar to the more familiar technique of DNA mediated gene transfer. The real difference between these two methods is that in CMGT the donor genetic material is in the form of isolated chromosomes rather than naked DNA, so it is postulated that CMGT can create far more large fragment than that of DNA transfection. Since normal DNA extraction procedure is quite harsh to keep the DNA molecular longer than 200kb, so the sequences longer than that are rarely transferred intact in DNA transfection. Instead, in this study, we demonstrated that CMGT can create a wide variety of intermediate size of the transgenome from greater than 80,000kb to less than 2,000 kb. So CMGT has the potential for filling an important gap in the resolving power of somatic cell and molecular genetie techniques. Generally, there are good correlation of DNA contents of transfectants with the number of chromosome 17 markers present (as shown in Table 1 ). However, there are some exceptions. Far example, KLT-6 and PLT-13 have been shown to have all the markers detected on chromosome 17, but there is a big difference with regard to their DNA contents. The KLT-6 DNA content was as high as 2.5 times than that of PLT-13. This difference could be due to that: in in situ hybridization, there are two copies of chromosome 17 fragments in KLT-6, while in PLT-13 there is only one (data not shown).
Possibly the most useful aspect of GMGT is that it generates hybrid cell lines which are enriched for certain small regions of the human chromosome. This is of particular value when the genes of interest are located close to the selectable marker. For example, in the study of eystic fibrosis, the selectable transforming oncogene Met was used to generate a series of transfectants containing small regions of chromosome 7 which were used as a source of probes forthe study of this disease [16] . Since the gene for von Recklinghausen neurofibromatosis (NF-1) has been shown to be close to the centromere of chromosome 17 [17] , we should be able to use the chromosome 17 transfectants that have retained the centromere to obtain probes which may prove useful in the study of NFI. We are currently making cosmid libraries from some of these transfectants and beginning to obtain the cosmids to study these regions [18] .
Such enrichment procedure also will provide rich resources for other genetic disease involved with structural abnormalibilities of human chromosome 17, such as acute promyelocytic leukaemia (APL, FAB claasification M3) having reciprocal translocation involving the long arm of chromosomes 15 and 17 t(15:17) (q22; q11.2-12) [19] , and loss of heterozygosity of chromosome 17p markers reported in the progression of colorectal carcinomas [20] . Deletions of chromosome 17 also have been associated with mental retardation syndromes such as Miller-Dicker syndrome (del 17p13) [21] and Smith-Magenis syndrome (del 17p11) [22] et al. Transfectants of our CMGT will be useful in those genetic disease studies as well.
Until recent1y, the physical nature of 4he transgenomes created by GMGT has been a major area of uncertainiy. We are trying to use cytogenetic technique to detect or resolve transgenome structure. But, more often, the histochemical techniques used were too insensitive to detect transgenome fragment. We first demonstrated that G11 staining method can be used to detect relatively large transfeetants. The more sensitive method is to use in situ hybridization with total human DNA as a probe. Usually discrete fragments of human DNA are inserted into mouse chromosome, even in some very largo ones which have all the markers doteeted on chromosome 17. In a transfectants, KLT-6, we observed that the transgenomes can undergo duplication forming two identical chromosomes.
Interesting enough, when we use chromosome 17 centromeric specific probes, D17Z1 [23] , to hybridize the trasnfectants which have human centromere alpha sattelites (data not shown), we observed that a number of transfectants have both human and mouse centromeres, but human centromere apparent1y lost its phenotypo of constriction. This phenomenon is quite similar to the so called bicentromerics chromosomes in which one centromere has undergone centromere suppression. It is possibly that in the mouse cytoplasm background, the human centromere is not as fit as mouse centromere and this could be an explanation of frequently lost human chromosomes in human/mouse hybrids. The detailed analysis of the structure and behaviour of transgenomes in CMGTs suggests an alternative and complementary approach to the molecular understanding of those basic questions of chromosome form and function.
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